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Dynamic instability is a well-
characterized aspect of
microtubule polymerization
dynamics, which accounts for the
fast turnover of spindle tubulin.
How polewards flux is linked to
microtubule dynamic instability
remains unclear. An intriguing
observation reported by Ganem et
al. [8] is that polewards
microtubule flux and overall
microtubule polymer dynamics
can be uncoupled. No major
changes in microtubule turnover
were found in flux-free spindles.
One manifestation of the forces
acting on chromosomes is the
distance sister kinetochores are
separated, or ‘pulled apart’ by
spindle fibers. It has been
previously shown that
suppression of microtubule
dynamics, using low doses on
taxol, reduce the sister
kinetochore separation [11].
However, the average distance
between sister kinetochores in
flux-free cells simultaneously
depleted of Kif2a and MCAK was
found to be identical to that in
cells depleted of MCAK alone,
which do flux. Together, these
observations suggest that other
members of the kinesin-13 family
and/or non-motor microtubule-
associated proteins, such as
Op18/Stathmin, CLASPs and
XMAP215, may be more important
than Kif2a and MCAK in regulating
overall microtubule dynamics and
generating forces that move
chromosomes.
Yeast cells divide perfectly
although their spindles lack
detectable flux [12]. Thus, it is
not too surprising that flux is not
essential for spindle formation
and chromosome movement. It
would be premature, however, to
postulate that flux is good for
absolutely nothing in vertebrate
somatic cells. Ganem et al. [8]
suggest that chromosome
segregations occur at higher
frequency without flux. If flux
does not change the forces
acting at kinetochores it seems
unlikely that mechanisms
monitoring ‘tension’ or forces at
the kinetochore are being
affected. Is it possible that
microtubule minus-end
depolymerization at spindle
poles is a more important factor
for correcting errors in
chromosome-to-spindle
attachments during mitosis than
in driving chromosome
movements? Testing this
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a Story with Different Ends?
The Torso pathway patterns the ends of the Drosophila embryo. Now,
it has been found to control axis elongation in the short germ insect
Tribolium. This result raises the issue of the ancestral function of the
Torso pathway and its evolution.Jordi Casanova
The Drosophila Torso pathway,
also known as the ‘terminal
system’, has been a paradigm for
the genetic analysis of receptor
tyrosine kinase signalling
pathways. In Drosophila, the Torso
receptor is distributed evenly atthe embryonic surface at the
blastoderm stage. Torso becomes
activated specifically at the
anterior and posterior poles by a
ligand — presumably a cleaved
form of the Trunk protein — which
diffuses locally from a source near
the poles. The restricted activation
of Torso depends critically on thepresence of the product of the
torso-like (tsl) gene in a
subpopulation of follicle cells that
overlay each end of the maturing
oocyte. In the absence of Tsl, the
Torso receptor is not activated,
while ubiquitous expression of Tsl
during oogenesis leads to general
activation of the receptor along
the entire embryo. Upon
activation, Torso triggers the
Ras/Raf/MAPK pathway, which
will ultimately lead to expression
of the zygotic genes tailless (tll)
and huckebein (hkb), which initiate
the developmental programs
giving rise to the anteriormost and
posteriormost terminal regions of
the embryo [1].
Dispatch    
R969Early Drosophila Patterning —
Special Case or Paradigm?
Drosophila belongs to a group of
insects with an unusually fast life
cycle in which all body segments
are determined almost
simultaneously — known as long
germ insects. Most other insects
belong to the ‘short germ’ type
and develop more slowly as new
segments are added sequentially
from a growth zone at the
posterior end [2]. Thus, it is not
clear whether the early embryonic
patterning systems in Drosophila
represent special cases adapted
to its particular development, or if
they can serve as paradigms for
general patterning mechanisms. In
particular, there has been some
controversy about whether the
Torso system even exists in other
insects. Some hints supported its
existence in short germ insects
such as Tribolium; for instance,
MAP-Kinase is activated at both
ends of the Tribolium early
blastoderm [3]. On the other hand,
Tribolium orthologs of Torso are
expressed only at the posterior,
but not at the anterior end of the
embryo [3]. Indeed, this
observation was connected to
one of the main developmental
features that argued against the
existence of a Torso pathway in
short germ insects: the fact that
the head embryonic structures are
specified at the anterior end of the
blastoderm in Drosophila, but the
analogous region gives rise to the
extraembryonic serosa in
Tribolium [4].
Similar Expression Patterns and
Target Genes — Different
Phenotypes
The work by Schoppmeier and
Schröder [5] published in this
issue of Current Biology clearly
identifies the Tribolium torso and
tsl orthologs (Tc-tor and Tc-tsl).
As in Drosophila, Tc-tsl is
expressed in groups of follicle
cells at both ends of the oocyte
and Tc-tor is ubiquitously present
in the eggs, indicating a high
degree of evolutionary
conservation in terms of
expression. However, the function
of Tc-tor appears to be rather
different when compared to
Drosophila. In Tribolium, the
Torso pathway is not required forpatterning the ends of the
embryo, but instead it is required
for development of all post-
thoracic structures, that is all the
segments that arise after the
blastoderm stage from the growth
zone [6].
However, there is more
underlying similarity than could
initially be concluded from the
mutant phenotypes. To begin
with, the authors provide evidence
that the Torso pathway acts upon
both ends of the Tribolium
blastoderm, as activation of MAP-
Kinase at the posterior and
anteriormost regions depends at
least in part on Torso signalling.
Moreover, at the posterior end the
same target genes appear to be
activated in both insects, as the
authors report that Tc-tor is
required for the posteriormost
expression of Tc-wingless (Tc-
wg), Tc-tailless (Tc-tll), Tc-caudal
(Tc-cad), and Tc-forkhead (Tc-
fkh), the orthologs of which are
also direct or indirect targets of
the Torso pathway in Drosophila
[7–10]. However, in Drosophila,
the Torso pathway specifies the
fate of the last abdominal
segment and the telson, while it
promotes axis elongation from the
growth zone in Tribolium. How
can such developmental
differences be explained?
A clue can be found in recent
reports that show that cad and wg
themselves are also required for
axis elongation in the short germ
insects Tribolium and Gryllus,
respectively [11,12]. Therefore,
loss of posterior patterning could
be the origin of the loss of
posterior growth, although as the
authors point out this remains to
be demonstrated. If this
hypothesis is supported, then the
prime role of the Torso pathway at
the posterior end would be similar
in both kinds of insects — namely,
patterning of the terminal region.
In short germ insects, this would
include specification of the growth
zone. In such a scenario, the main
difference would not lie
specifically in the outcome of the
Torso pathway, but in the distinct
developmental programs elicited
by its target genes in different
organisms.
At the anterior end the situation
appears more divergent, as thisarea of the blastoderm gives rise
to anterior head structures in
Drosophila and to the
extraembryonic serosa in
Tribolium. While the authors do
not identify putative target genes
of the Tc-Tor pathway in the
anterior region, they indicate that
the phenotypes obtained by Tc-
tor and Tc-tsl RNAi are similar to
the ones generated by a reduction
in the activity of Tc-zen1, a gene
that is specifically expressed in
the Tribolium serosa [13]. It was
already pointed out that while the
Drosophila amnioserosa develops
from the dorsal part of the
blastoderm, the Tribolium serosa
lies in the anteriormost part of the
blastoderm embryo and then
expands dorsally. In both species,
zen and dpp are specifically
expressed in this extraembryonic
tissue. It has thus been suggested
that Tc-zen and Tc-dpp could be
initially controlled by the terminal
system and only later by the
dorsoventral system [3]. In this
case, early regulation of zen and
dpp would not be so different
between both species, as in
Drosophila zen and dpp, while
being mainly under the control of
the dorsoventral system, are also
regulated at the poles by the
terminal system [8,14,15]. Thus,
the main difference in the
regulation of zen and dpp could
arise from the differing
contribution and temporal
regulation of the terminal and
dorsoventral patterning systems.
A clear difference, however, is
that the posterior terminal genes
are not expressed at the anterior
pole of Tribolium embryos [3].
Their expression in Drosophila
could clearly be an acquisition
connected to the fate change of
this blastoderm region to give rise





In sum, what seems to be
conserved in the Torso pathway is
a signalling mechanism that
instructs the developmental path
of the terminal regions of the egg
and early embryo. This basic
mechanism appears to be
instrumental even if the anterior
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R970and posterior terminal regions are
specified differentially. This basic
mechanism appears to be
instrumental even if the two
terminal regions are specified
differentially in the same egg and
no matter which is the final
development of those terminal
regions in different species. Thus,
it appears that the Torso pathway
has been co-opted to match
distinct developmental scenarios.
Now, it remains to be shown
whether Torso signalling is also
involved in the development of
other short germ animals.
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vivo and in vitro is provided by the
adaptor molecule dynactin, a very
large molecular complex that links
dynein to its membrane-based
cargos in cells [3]. Work by King
and Schroer [4] demonstrated that
dynactin enhances the processivity
of single dynein molecules to
values measured in cells. Dynactin
also has a microtubule-binding
arm that is essential for enhancing
dynein’s processivity [4]. So, by
providing an additional interaction
with the microtubule rail, dynactin
apparently stabilizes the finicky
attachment of dynein to a
microtubule.
There is, however, a second
aspect to the in vitro/in vivo
paradox of dynein motility that is
not easily explained by dynactin.
Not only do the dynein-mediated
movements of organelles proceed
over longer distances in cells, but
these movements also appear to
be more forceful. Single
molecules of dynein in vitro stall in
optical traps at forces of around
1 pN, while the forces required to
stall dynein-mediated movements
in cells can exceed 5 pN [5,6].
Because dynactin is not a motor,
the most reasonable explanation
